Object recognition is gaining its importance in many fields especially in the field of surveillance. Recognizing objects is much more than just detecting lines, colors or shapes. Rather it requires a large amount of background knowledge. Recognition by components theory by Irving Biederman says that object can be recognized with the help of geons. Object recognition mostly focuses on the viewpoint variations.
INTRODUCTION
In modern vision system it is necessary to be able to navigate in real world. To enable better understanding of the scenes it is necessary that objects can be recognized easily. Objects differ from each other in many respects like form, structure, color, texture etc. One can recognize an object from any angle whether it is front, side view or back [1] . The appearance of the object depends on different conditions like changes in the lightning or color, the direction from which we are observing the object, the size and the shape of the object and humans have the capability to identify object under such crucial conditions also [4] . The perception of objects is defined as the way humans recognize familiar objects in the scene [13] . In our daily life we come across many objects, some of the objects are known to us and some are unknown. The main thing is to determine which of the given set of objects appear in a given image or image sequence.
OBJECT RECOGNITION
Object recognition deals with identifying the object from an image [4] . Object recognition is the field in computer vision which aims at recognizing objects from image data and to estimate the position and orientation of the recognized object. Object recognition aims at representing the objects in the surrounding and creating their relations with the 3D structures of the object [8] . Shapes can differ in appearance especially in the way of perception. Objects can be viewed from different angles and positions which make an object look different from all the angles. Two trees are also different but we label them as one object. Many theories have been developed on how humans perform object recognition. Humans have the capability to easily identify objects in our surroundings, regardless of their circumstances, whether they are upside down, of different color or occluded or have different. Object recognition is one of the most fascinating abilities that humans easily possess since childhood. By just looking at the object, humans are able to tell its identity or category despite of the appearance variation due to change in pose, illumination, texture, deformation, and under occlusion [4] [11] . Object recognition utilizes certain other features also for the better recognition like orientation, distance, size of object etc. Humans can uniquely identify individual objects not just face but also other objects like cars, houses, animals etc. Just the presence of a hand can indicate that there's a person present or a set of wheels can give reason to believe a car might be in the scene. But shape is the main feature of identity. For identification, discrimination between physically similar objects is made but for the characterization of objects their generalization is necessary [8] . To recognize, identify or do categorization of an object involves comparing its visual representation with some stored information [9] [12] . Object recognition sometimes becomes difficult as objects change themselves with respect to the scene for e.g. in case of varying lightning conditions or the viewpoint of the object, presence of background clutter etc. [10] .
Different steps are involved in the object recognition with certain assumptions in each case. In identification stage object shape is considered fixed. In the generalization task recognition of an object is done despite the changes in its appearances due to the transformations. Categorization involves the assignment of the object to a similar class of objects [11] .
Some issues that are needed to be considered in the object recognition system are [7] :
1. Object representation: How an object is represented is a matter of concern as it determines the perception by a person to that particular object. The primary attribute of any object is the shape of the object which is a matter of concern whereas the secondary attributes like color, size, texture are also needed but they only aid in getting to know more information about any object. The representation of any object should be such that it gives all the information about it at a single instance. Figure 1 shows two images. In the first image a clean room is shown from which the things needed are easily visible like the green color book on the rack. Whereas in the second image there is large amount of clutter and recognition of object is a difficult task. Figure 2 consists of a scene which can be categorized as outdoor or a city. Then the image is further looked into the features it contains for e.g. the image consists of people, cars, and buildings. The features are extracted by locating their exact position [5] . After the extraction of features image parsing is done. Parsing involves detection of non accidental properties such as symmetry, parallelism which may vary due to difference in the viewpoint angle [14] .
Figure 2: Random scene
In order to recognize objects, a database is first created against which matching takes place. Once the appropriate geon has been extracted from the image, the object is recognized from the matches of the previous objects [14] .
The complex objects are divided into simpler components. Then the known or unknown objects are recognized by parsing it in terms of its components and then comparing the smaller components with those of known objects [5] [10].
APPLICATIONS OF OBJECT RECOGNITION
Object recognition finds its application in many areas like the following:
1. Security and surveillance systems 2. Finding objects in digital images, photos or video 3. In robotics. 4. Inspection of different factors including quality involved in production. 5. Security in banks and airports. 6. Detecting moving objects in a scene or image. 7. Keeping check of the assets to keep away from fraud 8. In medical field to detect unknown areas. 
Figure 3: Biederman Geons and objects created from them
In figure 3 the left side shows the geons according to the theory of Biederman whereas the right side shows the objects created from the geons.
The objects according to RBC theory are not only described by the geons but also according to the way the objects are connected to each other [6] [9].
While viewing any object two main things are considered [17] [18]:
(a) Edges: this property helps in recognizing the objects even if their orientation varies.
(b) Concavities: it is defined as the area where two edges meet and this helps to determine the separation between two or more geons.
Recognition means the act or state of recognizing, means what we are seeing is stored in our mind as something we already know and are familiar with [13] .
According to Biederman theory when people try to recognize an object, they first create a rough classification of the objects based on their 3D shapes. Then according to their classification the objects are classified into different categories [13] .
Object recognition depends on [18] 1. Detecting edges 2. Detecting regions of concavity Recognition by components theory says that humans recognize object as they see it by assembling the 3D components called geons in a way so as to form the related object [12] . For example as shown in figure 4.
Figure 4: Perceived Object and Constituent Geons [13]
Geons can be combined to form a large number of objects. Whenever we see an object, we can recognize the geons the object is made up of if the angle of viewing is kept the same every time [2] . Geons can be varied in many ways according to its orientation and also according to the ratio between its length and width [3] [16].
Geons are generally different from each other and because of this they are easily discriminated [12] . They can also be recognized even if they have some part of the missing so they are robust to noise.
Geons are defined through a 4 digit code that describes the object with respect to its edges, symmetry and its relation with other geons [15] . The first digit of the code indicates whether the edges are straight or curved; the second digit encodes whether the object has reflection symmetry, rotation symmetry, or both; the third digit tells how the shape of the object changes with distance along its central axis, and the fourth digit encodes whether that central axis is straight or curved [16] .
For e.g. 1321: straight edged, reflection & rotation symmetric, contracting sweep, curved central axis [15] . According to the theory by Biederman, the number of Geons that can be combined to see the objects in our daily life are less than 36. For e.g. if a hand fan is broken into two parts then we are left with its handle and a semicircle shaped structure. Similarly a complex object can be made of many geons.
36 Geons leads to 30,000 different objects [14] . The number of objects that would yield from 36 geons depends upon two assumptions [14] :
1. The numbers of objects need to specify each object.
2. The number of readily discriminable relation among the geons.
According to Biederman, edges and vertices are sufficient to recognize the objects and the color and texture of the object doesn't matter much [3] [13] . Although color and texture properties are not fully ignored by Biederman as they are necessary for the recognition of mass nouns. Mass nouns indicate those groups of objects whose boundaries are not clearly defined for e.g. objects like sand, water etc [10] [14] .
The disadvantage of Recognition by Components theory is that it differentiates between the object types but do not compare between the same types of objects for example one orange versus another.
According to the RBC theory, a relation between two objects occur only if they exhibit some similarities in their parts for e.g. if an object is rotated without distorting the parts of objects, the object remains recognizable and the rotated and unrotated objects are same [14] . Geons theory proposes a four layer structure for object recognition. First layer consists of decomposing the information into the edges. Then the component axes, blobs and vertices are determined. At layer 3 geons (cones, cylinders and boxes) are identified. The layer 4 determines how the geon components interconnect with each other. Finally object recognition is achieved [10] [15] .
Inter relation between the neighboring objects is also determined. When geons are connected in a number of ways then a large number of objects are created. The primary attribute of the geons is its shape. The secondary attributes consist of the color and texture [10] .
Biederman geons share two properties [13] :
1. They can be distinguished from one another in any object. 2. When some randomly chosen part of geon is erased then the rest of the object remains almost the same and is easily recognizable. For e.g. if middle section of the cylinder is removed and the remaining part is rejoined again then the left over part looks same as the previous. 
CONCLUSION
Object recognition provides a way to find specific object in an image. Humans have the ability to recognize any object even if they see it for a fraction of second in any condition like lightning, clutter, distortion, shape deviations. This review considers the RBC theory given by Irving Biederman which considers the way of classifying objects by identifying their components and its related properties. Biederman concluded that recognition is based on the decomposition of objects in geons. It is based on the shape information whereas color and texture do not contribute to the object recognition.
